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A POWERFUL THYRISTOR MODULATOR WITH
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MICROTRON): PROTOTYPE REALIZATION
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The circuit of a powerful modulator is illustrated and a description is given of a prototype modulator constructed us.ing
low-cost components for the purpose of checking the circuit. The prototype has the following parameters: length of
shaped pulse 2.5 /lsec; amplitude of the output voltage 1.2 kV; pulse repetition frequency 50 Hz. The types and numbers
of the components can easily be changed in order to obtain considerably higher power. Devices of this type may be used
in accelerator engineering, for example, in a microtron.
PARAMETER LIST OF PROTOTYPE
THYRISTOR MODULATOR
(mks Units)
Better results may be obtained by using an
inductance of suitable value. In this case, efficiency
is improved, even to more than 80 %, if the system
functions at resonance frequency. Otherwise, as
is usually the case, efficiency is lower. This "resonant
charge" system requires a high inductance and
therefore the use of a large coil.3,4
INTRODUCTION
The modulator described in this work was con-
ceived as an alternative to the traditional system
of operating an X-band magnetron in a microtron
under construction (with the help ofsome collabora-
tors).
While this acceler~tor was being built, a modu-
lator was constructed in accordance with the
conventional scheme using, that is to say, an
appropriate charge resistance and a thyratron as
an electronic switch for discharge of the energy
stored in the pulse-shaping line. In view of recent
developments in thyristors, it was decided to
construct a modulator using these components
instead of the thyratron, and also a different
charge system for the pulse-shaping line in order
to obtain better output by the system.
The functioning of the modulator is based on the
periodic breaking of the supply voltage of the
pulse-shaping line, a break caused by voltage
annulment by means of a second line (break'line).
With a very simple matching of some components,
it is also possible to get several thyristors to
function connected in series.
In modulators, especially very powerful ones,
the thyratron is usually employed as an electronic
switch for discharge of the energy stored in the line
through the load. 1 In addition, the line is charged
by means of a power supply with interposed
charge resistance. This means of operation entails
a 50 %energy loss due to resistance.2
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Pulse Repetition Rate (PRR)
Pulse Length (PL)
Duty Factor (PRR x PL)
Pulse Line Capacitance (6 x 22 nF)
Pulse Line Characteristic Impedance (JLiC)
Voltage to which Pulse Line is Charged
(
V;ut 6002)Peak Power Output - = -
R 10
Average Power Output
(36 kW x Duty Factor)
Break Line
Pulse Length (PL)
Pulse Line Capacitance'(6 x 1.3 nF)
Pulse Line Characteristic Impedance
Voltage to which Pulse Line is Charged
(
V;ut 1202 )Peak Power Output - = 3
R 3.8 x 10
50 Hz
2.5/lsec
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In recent years, thyristors have been used
instead of the thyratron, making the modulator
more compact. Thyristors connected in series are
made to function by shunted avalanche diodes. 5
In the modulator described, instead of the charge
resistance or inductance (resonant charge system),
a transformer was used that was energized by a
low-power line (break line).
The main elements of the modulator, with
particular reference to the circuit, are illustrated
schematically in, Figure 1, and are as follows:
(1) power supply; (2) pulse transformer; (3) thyris-
tors for commutation of the power line; (4) power
line; (5) power-line pulse transformer; (6) break
line; (7) commutation thyristor of break line;
(8) charge resistance of break line; (9) secondary
N 3 of transformer for signal to be sent to the gate
of the first of the thyristors connected in series.
The modulator has the following sequence of
functions: a}the power supply (1) charges the power
line (4) and the break line (6) to voltages re-
spectively of Vp and VI (where Vp ~ VI, and ~ =
2~s, where ~s is the voltage of power supply);
b) a signal sent to the thyristor gate (7) causes the
transfer of energy stored in the break line to the
transformer (2); c) on the secondary of transformer
(2), an inverse voltage V" is established itself for
a period LI, such that V" + ~s = 0; d) transmission
of the current pulse obtained from the secondary
(9) of the transformer (2), to the gate of the first
thyristor (3) (in order to insure synchronism with
commutation of the break line (6)) causes the
simultaneous start of all the thyristors (3), and the
power line (4) transmits the stored energy to the
load; e) with nonconduction of the thyristors, the
two lines resume charging and a new cycle begins.
The above processes are shown in the diagrams
in Figure 2. These illustrations are purely indicative
and their purpose is only to clarify the foregoing.
As said above, the current pulse obtained from
the secondary (9) of the transformer (2) is sent to
the gate of the first thyristor, causing the simul-
taneous start of all the thyristors connected in
series. The value of the variable resistance inserted
in the circuit (9) determines the delay ~t between
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FIGURE 1 Modulator schematic.








































































FIGURE 2 Diagrams purely indicative of: a) charge of
power line ; b) charge of break line ; c) break-line trigger;
d) power-line trigger; e) pulses during discharge of break line;
f) pulses during discharge of power line.
applied to the gate of the thyristor itself. This
delay I1t decreases according to the value of this
resistance. It is thus possible to regulate the delay
in starting the thyristors (3) commuting the power
line in relation to the starting of the thyristor (7)
in the break line.
To insure functioning of the thyristors connected
in series, it is sufficient to circulate a current near
the maximum peak possible for the simultaneous
start of all the thyristors.
Figure 3 is a schematic representation of the
circuit for the functioning of thyristors connected
in series.
In this scheme one should note that the electric
matching of the gates is obtained by capacitors
~onnected in series, which are used in parallel with
the gate of each thyristor. The parallel arrangement
of the series capacitors insures simultaneous start
of all thyristors.
FIGURE 3 Series thyristors schematic.
This type of modulator gives high-performance
results while being extremely compact.
A prototype of the modulator was made with
the intention of checking the effectiveness of the
principle of operation. Low-cost components were
used and the model functioned continuously for
several days.
To reduce construction time, a transformer with
very low Q was used instead ofthe pulse transformer
(see number 2 in Figure 1). As a result, the charging
curve of the power line proved to be analogous to
a charging curve with resistance. A purely indicative
illustration of this power curve (obtained from that
observed in the oscillograph) is given in a) in
Figure 4. Nothing prevents later use of a pulse
transformer with good Q in order to obtain high-
efficiency charging of the power line.
In the modulator four thyristors connected in
series were used, of the type ECG 5465; the power
line consisting of 6 LC sections (C = 22 nF);
(L = 2.2 x 10- 6 henry) was charged to voltage
of 1.2 kV; length of the shaped pulse (with 6 LC
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FIGURE 4 Diagrams purely indicative of: a) charge of
power line; b) charge of break line; c) break-line trigger;
d) power-line trigger; e) pulses during discharge of break line;
f) pulses during discharge of power line. (Prototype).
sections) 2.5 flsec; break line consisting of 6 LC
sections (C = 1.31 X 10- 9 F; L = 19 mhenry)
was charged to voltage of 240 V; duration of the
break line pulse = 60 flsec.
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The modulator conceived for microtrons (low
pulse-repetition frequency) may with appropriate
modifications also be used in other fields.
The prototype of the modulator was made with
the intention of checking the effectiveness of the
principle of operation and efficiency was not
considered.
In the system used, the thyristors worked well in
series without suffering any damage, either in long-
term use (over 24 hours) or during starting.
The rise of the pulse took a very short time and
was therefore suited to the magnetron ~ also, the
break line, besides allowing the break in power
supply during discharge of the pulse-shaping line,
assured in all cases the nonconduction of the
thyristors after the discharge of the line.
In view of these positive results, we intend to use
suitable components to construct a modulator of
the type described above in order to compare
results with the conventional model and also to
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